The yeast ADH7 promoter enables gene expression under pronounced translation repression caused by the combined stress of vanillin, furfural, and 5-hydroxymethylfurfural.
Lignocellulosic biomass conversion inhibitors such as vanillin, furfural, and 5-hydroxymethylfurfural (HMF) inhibit the growth of and fermentation by Saccharomyces cerevisiae. A high concentration of each fermentation inhibitor represses translation and increases non-translated mRNAs. We previously reported that the mRNAs of ADH7 and BDH2, which encode putative NADPH- and NADH-dependent alcohol dehydrogenases, respectively, were efficiently translated even with translation repression in response to severe vanillin stress. However, the combined effects of these fermentation inhibitors on the expression of ADH7 and BDH2 remain unclear. We herein demonstrated that exposure to a combined stress of vanillin, furfural, and HMF repressed translation. The protein synthesis of Adh7, but not Bdh2 was significantly induced under combined stress conditions, even though the mRNA levels of ADH7 and BDH2 were up-regulated. Additionally, adh7Δ cells were more sensitive to the combined stress than wild-type and bdh2Δ cells. These results suggest that induction of the ADH7 expression plays a role in the tolerance to the combined stress of vanillin, furfural, and HMF. Furthermore, we succeeded in improving yeast tolerance to the combined stress by controlling the expression of ALD6 with the ADH7 promoter. Our results demonstrate that the ADH7 promoter can overcome the pronounced translation repression caused by the combined stress of vanillin, furfural, and HMF, and also suggest a new gene engineering strategy to breed robust and optimized yeasts for bioethanol production from a lignocellulosic biomass.